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RESET VOLTAGE FIELD OF THE INVENTION [0001] The invention

relates generally to improving the control and operation of an ima&er e
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select transistor for coupling the source follower transistor to a column
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pixels arranged in a predetermined number of columns and rows (not
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overlying a substrate for producing a photo-generated charge in a doped region of the
substrate. A readout circuit is provided for each pixel cell and includes at least a source
follower transistor and a row select transistor for coupling the source follower transistor
to a column output line. The pixel cell also typically has a storage region, connected to
the gate of the source follower transistor. Charge generated by the photodetector is
sent to the storage region. The imager may also include a transistor for transferring
charge from the photodetector to the storage region and another transistor for resetting

the storage region to a predetermined charge level prior to charge transference.

[0004] FIG. 1 illustrates a block diagram of a CMOS imager device 908 having a
pixel array 200 with each pixel cell being constructed as described above, or as other
known pixel cell circuits. Pixel array 200 comprises a plurality of pixels arranged in a
predetermined number of columns and rows (not shown). The pixels of each row in
array 200 are all turned on at the same time by a row select line, and the pixels of each

column are selectively output by respective column select lines. A plurality of row and



1 WO 2006/026163 PCT/US200S/029179 column lines are provided for
the entire array 200. The row lines are selectively activated in sequence
by a row driver 210 in response to row address decoder 220. The column
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by a column driver 260 in response to column address decoder 270.
hus,,a row and celumn ess Is provjded for e ixel :
co A e conaie”
actiddrelsn degpoders P20 @7 Olfyese it imgetpe eropropriatslfomsatrg eetudd). The
ines for pixel readout. Control circuit 250 also co :
o e G ER D L R b Ty e et on by o
cotliivia ttansitefsint thposetected!romnand resldaundined’ OFhélpixet oenpatd
?i%qalsdt vicall i(r)l\gfgdqen O[pti)écl relset signal V", taken off of the storage
Corgg|8r?vf/ en it 1 reset y the re8&t transistor and a pixel image signal
Vng, which is taken off the storage region after photo-generated charges

[0gRS fransféire @S Thesy:, PA8dS\oRssigHAN aronesd Bycaisantblwign controls
ad'a%‘;’s%ié%%c%?éﬁzdﬁbeféypér@&g?%@% A giffsrentiab anpblien 284 1fes for pixel

produce a differential signal V,,, - V,;g for each pixel. V,,, - V"g represents
resileusmbumtof ligstindhtgitg epnthelpiks|so FTristiipbiarcarsighearfgitry 210, 260

%@%@%Qg@p analogordicital converier 24Rifhe digitizedpial signals
are fed to image processor 280 to form a digital image output. The
cotiigimizimgsanthierpige! provessmglearpielivcacdeion pixefirenet iftagbNehigken off
. _ orential <i Vo »
o e by & e SRS v
whishvettde{0008)FIO 2 dlisirates e ol BRSO imgéred to it
TIRE! Gl 100, -F’R;ﬁ_l, :ﬁ%lLéa%%m'gaqggx@ﬁ@pg%@ao&%@%@@@,Hscan%ds@@acted by

tran&fer traﬁ%fé%o 104. The transfer "transistor 104 is also connected to
a dtfrageirbgioplifies? A7rasepiednsistotiffos nsidaiatof.10 Varfeacadtovth V.,
urce follower transistor I t S e [ -
L L L SRR O a0 TR R LM
digutiel bleanentsl of pixdiped! toavperformSthd fvnbiors o iy photals 1 fed to an

ir&a%%rgx%ccssor 280 to form a digital image output. The digitizing and image

sig)y

processing can be located on or off the imager chip. In somc'arrangcmcnts the
differential signal V,,, — V;, can be amplified as a differential signal and directly digitized

by a differential analog to digital converter.

[0006] FIG. 2 illustrates a four transistor (4T) CMOS imager pixel cell 100. Pixel
cell 100 includes a photodiode 102 connected to a transfer transistor 104, The transfer
transistor 104 is also connected to storage region 108, A reset transistor 106, a
capacitor 107 and a gate of a source follower transistor 110 are connected to storage
region 108. A row select transistor 112 is connected to source follower transistor 110.
The active clements of pixel cell 100 perform the functions of (1) photon to charge
conversion by photodiode 102; (2) resetting the storage region to a known state before
the transfer of charge to it by reset transistor 106; (3) transfer of charge to the storage
region 108 by the transfer transistor 104; (4) selection of the cell 100 for readout by

row select transistor 112; and (5) output and amplification of a signal representing a
2



conversion by photodiode 102; (2) resetting the storage region to a known
state before the transfer of charge to it by reset transistor 106; (3) transfer

of charge to the storage region 108 by the transfer transistor 104; (4)
selectiamefitise cell 100 for readout by row select transistor 1 P2Tdid0(5)029179
output and amplification of a signal representing a 2 WO 2006/026163
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storage regions 108 of all pixels in an imager array 200 (FIG. 1) are set to
La predetermined voltage to ensure that all source follower transistors 110
remain turned off. The ROW signal of the pixel intended to be read is
[0pOFSed hi@ﬁ@t&%@@l@@@i@i@@&ﬁ@ﬁé@ti&ﬁ Unthe- &%ﬁ%é@&éumg pixel
re SRV SEATSIRL 10, T sloraaeeolan A0R of hepleliniendsshiore, 1)

sample |st én reset at tim t2 by briefly turning on reset tranS|stor 106,
arevdeictv is sugpliedivitd splrating voitagehyCd phuscs WWWS%@I@VQF@@EO

reQhiNS fESat fran &%% when signg! Tugéeﬁaéaq@ gherehy; {S‘ﬁﬁ%ﬁ'ﬂﬁgh at

storage region 1 to a predetermined voltage. The reset voitage level on
mrﬂn&lqu&g@@@b@p&@&l@h@h%pphe@iécmecgﬁt@qwfgduw@sﬁﬂrow& The

stéigns'stﬁor{el%& NG, %Y%gkédag%%ofgé%a QUiRHEYRIAPE. Xt QAL b ciefly

eoutpu signal Is subsequently sampled at time t3, for
tuﬁnampierbgctatsmmﬂerdrﬁf’hwld@lmumm&é%h DPpewhegevaligh ‘é@l@:&‘ﬂus a Vt

B R R o o e
regntingegratignmpeivodlied to a predetermined voltage. The reset voltage level on the
storage region 108 is then applied to the gate of source follower transistor 110, which
converts it to a reset output voltage V,, on a column output line. The output signal is
subsequently sampled at time t3, for example by a sample and hold circuit 265 (FIG. 1),
where a high pulse SHR is used to sample and hold the reset output voltage V,, onto a

first sample and hold capacitor.

[0008] Charge stored in photodiode 102 from an integration period is
subsequently transferred to storage region 108 by signal TX going high at time t4
thereby, turning on transfer transistor 104. The transferred charge lowers the voltage
on the storage region 108 to a pixel output signal level, which is applied to the gate of
source follower transistor 110. Source follower transistor 110, which is supplied with
operating voltage VCC, converts the signal voltage level to a signal output voltage V,
on the column output line. Sample and hold circuit 265 (FIG. 1) in response to a
sample/hold pulse SHS at time t5 causes the pixel’s signal output voltage V,, on the

column line to be stored in a second sample and hold capacitor. After V, is sampled,
3



subsequently transferred to storage region 108 by signal TX going high at

time t4 thereby, turning on transfer transistor 104. The transferred charge

lowers the voltage on the storage region 108 to a pixel output signal level,

whichoig/eppéied to the gate of source follower transistor 110. BOUS2005/029179

follower transistor 110, which is supplied with operating voltage VCC,
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circuit.
BRIEF SUMMARY OF THE INVENTION

[0011] Exemplary method and apparatus embodiments of the present invention
provide a new pixel design for an imager in which the row transistor that selects the
pixel row for operation and readout is electrically coupled to and is operated in a
manner which boosts the reset voltage applied to the storage region thereby eliminating

the need for a supply voltage boosting circuit

[0012] In one exemplary embodiment, the pixel cell includes a photosensor, a
storage region for receiving transferred charges from the photosensor, a reset transistor
for the resetting the storage region, which is operated by a reset control signal, a source
follower output transistor having a gate coupled to the storage region for providing a
selective readout in response to a row select signal, a row select transistor coupled
between a power source and the source follower output transistor for providing an

output signal onto an output column line and a capacitance coupled between the
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pixel row for operation and readout is electrically coupled to and is

operated in a manner which boosts the reset voltage applied to the

storage region thereby eliminating the need for a supply voltage boosting

Giteibi90iakin one exemplary embodiment, the pixel cell incladesise005/029179
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pulse to boost the reset voltage on
the storage region is provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and other features and advantages of the invention will be better
understood from the following detailed description, which is provided in connection

with the accompanying drawings, in which:
[0015] FIG. 1 is a block diagram of a conventional imager device;
[0016] FIG. 2 is a schematic diagram of a conventional four transistor pixel;

[0017] FIG. 3 is a timing diagram for charge readout of a conventional four

transistor pixel;

[0018] FIG. 4 is a schematic circuit diagram according to a first exemplary

embodiment of the invention;



the storage region is provided. BRIEF DESCRIPTION OF THE
DRAWINGS [0014] These and other features and advantages of the
invention will be better understood from the following detailed description,
Wiighdsspraysded in connection with the accompanying drawing3y $2005/029179
which: [0015] FIG. 1 is a block diagram of a conventional imager device;
[0016] FIG. 2 is a schematic diagram of a conventional four transistor
[OBh&d: [0CHIG-FIds, BsRhemHme ARG Frs IR ARerElnE 48 ucepad exemplary
enfiONMENLQNAl doun, JEansistor pixel; [0018] FIG, 4 is a schematic circuit
diagram according to a first exemplary embodiment of the invention; 5
WO 2006/026163 PCT/US2005/029179 [0019] FIG. 5 emati
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cikMentiaq; [0020] FIG. 6 is a timing diagram for charge readout of the FIG.
4 and FIG. 5 circuits; and [0021] FIG. 7 is a diagram of a processing
m whi mploys an i er. employi ' y
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. description, reference is made to the accompanying drawings, which are
lrﬁuﬁg‘rt of the specification, and in which is shown by way of illustration
various embodiments whereby the invention may be practiced. These
embodimenB ERAIESANAE W B IR A QE T EN EE FRS SRR e in

the art to make and use the invention. It is to be understood that other

[ogmRodiments vy heistilizesc audsthatsnyciealnlegicala@nebelactrical
changes, as well as cha%%es in the materials used, may he made without

acﬁ‘éﬁaﬂ?ﬁﬁ‘ﬁéﬁ%‘fﬁ%gépﬁfi@ &rg@oﬁ%?ﬁﬁléc%é%c@non, and in which 1s shown by

way of illustration various embodiments whereby the invention may be practiced. These

C

embodiments are described in sufficient detail to enable those skilled in the art to make
" and use the invention. It is to be understood that other embodiments may be utilized,
and that structural, logical, and electrical changes, as well as changes in the materials
used, may be made without departing from the spirit and scope of the present
invention. Additionally, certain processing steps are described and a particular order of
processing steps is disclosed; however, the sequence of steps is not limited to that set
forth herein and may be changed as is known in the art, with the exception of steps or

acts necessarily occurring in a certain order.

[0023] The terms “wafer” and “substrate” are to be understood as interchangeable
and as including silicon, silicon-on-insulator (SOI) or silicon-on-sapphire (SOS), doped
and undoped semiconductors, epitaxial layers of silicon supported by a base
semiconductor foundation, and other semiconductor structures. Furthermore, when
reference is made to a “wafer” or “substrate” in the following description, previous
process steps may have been utilized to form regions, junctions or material layers in or
on the base semiconductor structure or foundation. In addition, the semiconductor
need not be silicon-based, but could be based on silicon-germanium, germanium,

gallium arsenide, or other known semiconductor materials.
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invention. Additionally, certain processing steps are described and a
particular order of processing steps is disclosed.; however, the sequence
of steps is not limited to that set forth herein and may be changed as is
knwovenoimothsesart, with the exception of steps or acts necessariy BEERPiTIEE9179
in a certain order. [0023] The terms "wafer" and "substrate" are to be
understood as interchangeable and as including silicon . h
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radiation sensed by the photo-conversion device. The embodiments of
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o B ECH I8 o S GE TAG T ot TR sl e (5
rejsiteseh Becwrfdepbieditidipikesivantiommaljabémsgd dithicothels pixetay 200 of
. arrangements_haying.more or less than four, transistors.and in .
SRR W B JBE L St Al e TS RS Do) Fitheigh brle™
withveriiends @es e hergier b refereincetio tpgliasbhiteaturayandid state
_ fabrication of one pixel cell, it s ou}g1 eunderstcéoghth tthi%is red
impg iR SEVE O DRUPAIRY BPPRAEIEGA K ST AR Ay SR gt catfepred o
it. aF 1 Y R0 © Hd gt d e vigeod08, (htcefd)e | naddiienahiihaughithieng sense,

invention is described below
and the scope o tgc present invention is defined only by the appended claims.

[0026] FIG. 4 illustrates a pixel circuit 300 according to a first exemplary
embodiment of the invention. Pixel circuit 300 includes a photodiode 302 connected
to a transfer transistor 304. The transfer transistor 304 is also connected to storage
region 308. A reset transistor 306 and a source follower transistor 310 are connected to
storage region 308. However, unlike circuit 100, the drain of row select transistor 312
is connected to voltage source VCC and the source is connected to source follower
transistor 310. Also, one end of capacitor 307 is connected to the source of the row
select transistor 112, while the other is connected to the storage region 108. With this
arrangement, when the row select transistor 312 is first turned on, a voltage boost is
applied to the storage region 308. If the reset transistor 306 is pulsed (on/off) just
prior to the row select transistor 312, the storage.region will see_both. the_reset voltage

applied by reset transistor 306 and the voltage boost caused by the turn on of the row



with reference to a CMOS imager, the invention has applicability to any

solid state imaging device having a storage node which is reset and then

has charges transferred to it. The following detailed description is,
thecefareymoizo be taken in a limiting sense, and the scope oPHE(HW®E&N9179
invention is defined only by the appended claims. [0026] FIG. 4 illustrates
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storage region 308. A reset transistor 306 and a source follower transistor
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between the gate /source junction of the source follower transistor 310 may be utilized

to provide a reset voltage boost to the storage region 308.

[0029] FIG. 5 illustrates a pixel circuit 400 according to a second exemplary
embodiment of the invention. Pixel circuit 400 is similar to pixel circuit 100; however,
instead of having a capacitor coupled between the storage region 108 and VCC, one
end of capacitor 407 is connected to the gate of the row select transistor 112, while the
other is connected to the storage region 108. Accordingly, when the row select control
signal is applied to the gate of the row select transistor 112, it provides a boosted reset
signal at the storage region 108. Other voltage coupling devices may be utilized instead

of capacitor 407, such as a reverse biased diode.

[0030] FIG. 6 illustrates a timing diagram for circuit 300 and circuit 400 during

pixel readout. During a readout operation, the reset enable signal RST applied to the



period in which photodiode 302 generates signal charge in response to
incident light). Thus, it is not required to have a voltage supply boosting
circuit. [0028] The reset signal on the storage region is boosted due to the
operalirn@iscapacitor 307 when the row select transistor 31 20NN OMI029179
response to the leading edge of a row select pulse. In addition, if only a

slight boost is required to sample the reset signal, the acitor 307 may
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puggae{ﬁ;@y_rce junction of the source follower transistor 310 may be utilized
to provide a reset voltage boost to the storage region 308. [0029] FIG. 5

illustrates a pixel circuit 400 according.t cond exemplar .
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FIG. 6 illustrates a timing diagram for gircuit 300 and cirguit 4Q0 durin _
o AL O o P OBE R P15 FRe) 2l KioNaF s of the
prapplied dedthe b3 Wi 2008404 61H3 &2 Ghid I52R0AAZD1 (Blgaterobiesethe reset

transistor 106 is pulsed (on/off) prior to row enghle sjgnal being
ol P EROSA L T St CAD H00) s Gatdfct
siéﬁéﬁﬁﬁfvﬂi&@}f@@ ﬂ';s(c sat;x@ca;m%dﬁtemm@ledswdﬁa@@d eme@rs&iﬁﬁél dAt ﬂigme 8, for

the storage region (308/108) of the pixel intended to be sampled_is then
cxfgmlt by BT PRGN FSAt LD (OB tO) BRRR IS i hed to
saMyBle eReratingnolage MgfwbenasianabRe T geashighe dhameb @peting.
storage region (308/108) to a predetermined voltage. The reset voltage

(oS O 5, S1er 08 L PG A AR ST P IPRIS D AR S BUHRR i
subsequently transferred to storage region (308,/108) by signal TX going high at time
t4 thereby, turning on transfer transistor (304,/104). The transferred charge lowers the
voltage on the storage region (308 ,/108) to a pixel output signal level, which is applied
to the gate of source follower transistor (310,/110). Source follower transistor
(310/110), which is supplied with operating voltage VCC through the row select

transistor (312/112), converts the signal voltage level to a signal output voltage V

sig ON

the column output line. Sample and hold circuit 265 (FIG. 1) in response to a
sample/hold pulse SHS at time t5 causes the pixel’s signal output voltage V;, on the
column line to be stored in a second sample and hold capacitor. After V, is sampled,
the ROW signal is sct to a low voltage and the pixel circuit is ready for a next image

capture.

[0033] By pulsing RST high at tl prior to pulsing ROW high at t2, a boosting of
the predetermined reset voltage is achieved. This boost is attributed to a capacitive

coupling between the storage region 308 (FIG. 4) and the source of the row select
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follower transistor (310/110). After the RST pulse goes low, the ROW

signal of the pixel intended to be read is pulsed high at time t2 providing a

voltage boost to the reset voltage on the gate of the source follower

tkaBsisiend339/110). The boosted reset signal provided from #errose005/029179

select gate voltage is subsequently sampled at time t3, for example by a

sample and hold circuit 265 (FIG. 1), where a high pulse SHR is used to
tragainpfe3AAdIHETd theoFesEr it st VHERFE DI PO B S5 MTBRAN RIS ©)

%8%9?&% 10324 hargesiatedonnhotpgipds (302/102) during an

Integration period is subsequently transferred to storage region (308/108)

by signal TX going high at time t4 therehy, turning.an transfer transistor ,
(OR8N 1041 o HUHERLB B ToNIerS e ToNMn S ML S Ages e o

00kegian (3084188)ta apixakautpui-gignahderely\ibichvidappliachitatnedgaie

of source follower transisto&ﬁ?ﬁ%O/llO). Srﬁurc fo!lowg transistor ¢
AcqQEBRCEOY R S e d Wit 8pEraing Yolage VCC A STERRRE 8l
sySEIRckilraRsiston{3h 34 ddiceanesithelsigialswoiagedave o gignals

output voltage V,,, on the column output line. Samplepﬁl]n hold circyit 265
Consl@%fiim&%@%%%’aﬁ%aﬁqﬁ%m%%é%ﬂé‘%&-ti S5 ULUEES tHatre
suﬂjlxﬁL?s%gﬁ@lﬁbltf?}éld@t@g%rv&jgs%&ﬂ? c6lpmerlipertmbec storadriénine vision

second sample and hold capacitor. After Vs;g is sampled, the R%)&W \
SYSfaRalGRISIIBY RS S PATR - ARTE Rl Pite PEAYHRR Fe &l Tor A Relqami agtem
stzaPIure: {033 By RYIsinaRsdn Righe &1, titiokterpulsing ROW high at t2,

a boosting of the predetermined reset voltage is achieved. This boost is

tribute a capacitive cquplin n the storage region 308 (FIG.
(0f P b d BT 1A § e SOOI fegerl el FdRraty
coRfphiiS2005/020478 siignsist ¢ CHLD) (FIZ . sdy:horscapaaitiveocouptingat

between the storage region 108 (Fl an ate of thg rowselect .
Co R 13 (H 0 TOO i PNEIRES oLt kel Sy ic
90300sinebidingravi iceagibgiie GeE) 908 of &rlGud P0ddifida torcontaintpixel syistem

the array 200 Whi%h are constructed Lﬁﬁaﬁg%?gnce with Ihquigvention.

OBl BIGERIS A HEEUY FSEWTBTE exemplary pjid can include femovable

memory 915, such as flash memory, which also communicate with CPU 902 over the
bus 904. Imaging device 908 may be combined with a processor, such as a CPU,
digital signal processor, or microprocessor, with or without memory storage on a single

integrated circuit or on a different chip than the processor.

[0036] Various embodiments of the invention have been illustrated using a
photodiode as the charge conversion device, and in the environment of a four transistor
pixel. However, it should be appreciated that the invention is not so limited and can be
used in any pixel architecture employing a row select transistor and source follower
transistor coupled in the fashion similar to the circuit described above, which is used for
eliminating the need to boost the voltage of a reset signal. Also, other types of
photosensors may be used to generate image charge. The invention may also be used in
a readout circuit for a CCD (charge coupled device) array. Accordingly, it is not
intended that the present invention be strictly limited to the above-described and

illustrated embodiment. Any modifications, though presently unforeseeable, of the
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system utilizing an imaging device 908 which includes a pixel array having
pixels constructed and operated in accordance with the invention. Without
being limiting, such a system could include a camera system, computer
SHEIeiIeBeafdmer, machine vision system, vehicle navigation Syst@rs2005/029179
videophone, surveillance system, auto focus system, star tracker system,
motion detection system, and others. [0035] The processor-based system

Proeo; forwian iabcomrbra dyattin sphendyc Rminie sl eutteariaims should

bcpgggggg,ig(g&q{t((p@p 202, siichas,a microprocessor, that communicates
with an input/output (I/0) device 906 over a bus 904. Imaging device 908
also communicates with the CPU 902 over bus 904. The processor-based
system 900 also includes random access memory (RAM) 910, and can
include removable memory 915, such as flash memory, which also
communicate with CPU 902 over the bus 904. Imaging device 908 may
be combined with a processor, such as a CPU, digital signal processor,
or microprocessor, with or without memory storage on a single integrated
circuit or on a different chip than the processor. [0036] Various
embodiments of the invention have been illustrated using a photodiode as
the charge conversion device, and in the environment of a four transistor
pixel. However, it should be appreciated that the invention is not so limited
and can be used in any pixel architecture employing a row select
transistor and source follower transistor coupled in the fashion similar to
the circuit described above, which is used for eliminating the need to
boost the voltage of a reset signal. Also, other types of photosensors may
be used to generate image charge. The invention may also be used in a
readout circuit for a CCD (charge coupled device) array. Accordingly, it is
not intended that the present invention be strictly limited to the
above-described and illustrated embodiment. Any modifications, though
presently unforeseeable, of the 10 WO 2006/026163
PCT/US2005/029179 present invention that comes within the spirit and
scope of the following claims should be considered part of the present
invention.
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11 MCSLLP CLAIMS 1 A pixel circuit for an imaging device, said pixel

circuit comprising: a photosensor for generating charge during an

integration period; a storage node for receiving said generated charge

from said photosensor; an output transistor coupled to said storage node MCSLLP
for converting a charge signal at said storage node to an output voltage; a

reset transistor for applying a reset voltage to said storage node; a row

select transistor coupled to said outpuiAransistor for selectively enabling

said pixel circuit to output said output voltage; a voltage source directly

connected to a drain of said row select transistor and a drain of said reset
transistor for prewidingramope atingyoltage, toesaittinikel| eireuit; entlpdsing:
capacitive couplin lioqgtween said row select transistor and said storage

node BMBEBHAY R RIS UMt AR Gall LR R B sard

reset tragnisiaiey e fosaickioinseletp transisiarhis getivatechi @ phbe sweifsotf

of claim 1, wherein said out L[lt(gansaiésdtor provide; a¥n output sig?alhbased. 1
on said'tREHE Hff‘{ﬁé“é’tro?a‘é)%% S TRE BT A Or WS T i aree signa
gomidrisiigea tkatsfertrangistorotanaected to said photosensor for

transferrin charg,e fro saiq 1hotosen or to satid gse;[%rgg)? node.. 4. The

circuit 8f ¢ Erﬁaf R R é%ﬁ%c‘f(flraa Sistoris cou%%gé‘ %%%veen a
voltage: souregaandadsain afugdid autpid drapsistansbrortfercietedtioflglaimmbling
4, her?in sa'ugl ca acit{ve.gou Iingvc?m rises a capacitor connected
%a%{lee circyit to utégu31 outputvoltage; . .

ctden Sal storage node and a source of said row select transistor. 6.

An imagingtaixcsitfoe dirdotiggingnderider eainrisingtid storsgecnodesiaor and a
GE5a o s%ilahr%gg{Qr%%(selrse%g%qo%hparg%h%gzawgpselfg'tﬁlg voltage to said pixel circuit; and
a capacitive coupling between said row select transistor and said storage node

for boosting a reset voltage applied to said storage node by said reset transistor when

said row select transistor is activated.

2. The circuit of claim 1, wherein said output transistor provides an output

signal based on said charge at the storage node.

3. The circuit of claim 1 further comprising a transfer transistor connected

to said photosensor for transferring charge from said photosensor to said storage node.

4, The circuit of claim 1, wherein said row select transistor is coupled

between a voltage source and a drain of said output transistor.

5. The circuit of claim 4, wherein said capacitive coupling comprises a

capacitor connected between said storage node and a source of said row select transistor.

6. An imaging circuit for an imaging device, comprising:

a storage node for receiving photo-generated charge;

12



an output transistor coupled to said storage node for converting a charge

signal at said storage node to an output voltage; a reset transistor for

applying a reset voltage to said storage node, a gate of said reset MCSLLP
transistor being controlled by a reset signal; a select transistor coupled

between a voltage source and a drain of said output transistor for

selectively providing said output voltage; and a capacitive coupling

betweeR saif o salest tanpsisies and seidstamreadnads.iatiReasiiage signal

reset voltage applied to said storage node by said reset transistor when

LS STt ANSSTOrAR AURVANIIEEEThe circuit of claim 6, wherein said

output 4rRRSISIER PERIEaSBPI PWPH T eSigRal Hases Anisaidcharge ot the: of said

storage node. 8, The circuit of claim 6, wherein said capacitive coupling

SR BB RameHIF Ul éd to°baigélorage node and a source of

said seleeldeansisiornScdfbeEbeitaish fovamiraaging:deroairsaid pixal output

circuit co prijin : rilg)hoto ensor,#oru?enera}t]in%pha ge during an

SRR ON SRS E SR e Re SR tSH TBEERANGSSat Generated charge

from saidapheivseasgslingrbwsalachitansisiolcoupethtar anduadutorage node

{;a?)sistor for ~selecti\g-:-%l%( ena%liaq sai%g)ixel CiI’CLgt fo output an output .
BIES8! A% 8LE T ARLARE A RBERTE 1S aIq T Age DU O F ARG T When

segelcvaltagadaeaid sstbrage. node; a voltage source directly connected to

a drain of said row select transistor and a drain of said reset transistor for

providing an operating voltage to said pixel circuit; and a circuit for

applyirg an adddicnalivoltaémsepahateifirsml thepesetrnakageappliecbyutput

said {%seé rgngaigéocrhtg gaaitdt setosl{%gde Qgggé 10. The circuit of claim 9 further
%lgﬂ?pnglsng ar&4dout' c%rcwtl?or rea&mg out stored charge from said

storage node and providing an output signal based on said charge at the
Storag%.nOde"l%% circuit of claim 6, wherein said capacitive coupling comprises a

capacitor connected to said storage node and a source of said select transistor.

9. A pixel circuit for an imaging device, said pixel circuit comprising:

a photosensor for generating charge during an integration period;

a storage node for receiving said generated charge from said photosensor;

a row select transistor coupled to an output transistor for selectively enabling
said pixel circuit to output an output voltage;

a reset transistor coupled to said storage node for applying a reset voltage to said
storage node;

a voltage source directly connected to a drain of said row select transistor and a
drain of said reset transistor for providing an operating voltage to said pixel circuit; and

a circuit for applying an additional voltage, separate from the reset voltage

applied by said reset transistor, to said storage node.

10.  The circuit of claim 9 further comprising a readout circuit for reading out
stored charge from said storage node and providing an output signal based on said

charge at the storage node.
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MCSLLP 11. The circuit of claim 9 further comprising a transfer transistor

connected to said photosensor for transferring charge from said

photosensor to said storage node. 12. The circuit of claim 9 further MCSLLP
comprising an output transistor coupled to said storage node for

converting said generated charge to an output voltage. 13. An integrated

circuit comprising: a pixel array, at least one pixel of said array

comprising: arpRQLPSERSPEIAL IS NEHRLNG.FHFTGR SHinG 8 RteeralipBonnected
period; a storage node for receiving said generated charge from said

1HHAId SEALTIENEH BUPARHaREISERESE B & sh riza {8 daifbstorage node.
converting a charge signal at said storage node to an output voltage; a

reset transistor for applying1 a reset voltage to said storage node; a row

select transistoICcHIRIEA h6 QB MR FQHSHS M for s RIS BRPSER AT ed 0
SR IO AURBHE BNSIsior: Aivoiaae seueddirpelly tarneaiRd (@ kadeain of

said row select transistor and a drain of said reset transistor for providing
an operating voltage to said pixel circuit; and a capacitive coupling

betwegn saidAqunaglpgtdrainsisteband said storage node for boosting a
reset voltage applied to said storage node by said reset transistor when

said roWPSEIERE PArSikdY RIS dIvaLa A4 AR CRERESPEaim 13 further
comprising a fransigsciiansisteesannastashite saithphetasepsatdoperiod;
transferring charge from said photosensor to said storage nade. 15, The .
circuit of clairft ¥3148R&IR %’éi&e?SW‘%@ad{jtf:%?H%ié{S?Ofs%%‘&ﬁ?p%%O&%mé’ tgsensor;

voltage sourcghanghatdrainisbsatdipletptd dradsistase HodE ercisanirthg a charge
claim 15, wherein said capacitive cougling cqmprises a capacitor

connectBERbANAIETIEHIESRSISdE ADARRNG'] ¥tirce of said row select

transistor. 14 M&SllaRsistor for applying a reset voltage to said storage node;

a row select transistor coupled to said output transistor for selectively
enabling said to output transistor;

a voltage source directly connected to a drain of said row select transistor
and a drain of said reset transistor for providing an operating voltage to said
pixel circuit; and

a capacitive coupling between said row select transistor and said storage
node for boosting a reset voltage applied to said storage node by said reset

transistor when said row select transistor is activated.

14. The circuit of claim 13 further comprising a transfer transistor connected

to said photosensor for transferring charge from said photosensor to said storage node.

15.  The circuit of claim 13, wherein said row select transistor is coupled

between a voltage source and a drain of said output transistor.

16.  The circuit of claim 15, wherein said capacitive coupling comprises a

capacitor connected between said storage node and a source of said row select transistor.
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17. An imaging system comprising: a processor; and an imaging device
comprising an array of pixels coupled to said processor, each pixel
including: a photosensor for generating charge during an integration
period; a storage node for receiving said generated charge from said
photosensor; an output transistor coupled to said storage node for
converting a charge signal at said storage node to an output voltage; a
reset t[qnsistgqlf%ggglé/gégtaﬁ%% ligge to said storage node; a row
select transistor coupled to said output transistor for selectively enabling
said o@ﬁf@@ﬂ%ﬁﬁﬂ’&; a voltage source directly connected to a drain of
said roy ﬁﬁé%‘?ﬁ%@@@ii@é@brﬁ sthgl rﬁi%&&ﬁ@%ﬁ%ﬁté&ﬁfé@t@f J@aRredsdiag, cach
an operating voltage to said pixel circuit; and a capacitive coupling
Iééﬂbl‘é‘é%’é‘ﬁ&’een said row select transistor and said storage node for
boosting a regehyiags.apligshte.sid siaragenpdelyrseieaties eriod;
transistor when said row select transistor is activated. 18. The syste

. of
claim 17 furtiefleEHpRSHTY ferrirdraniidigrorRortheassr i photosensor:
photosensor for Sapsianingehatap e said phatasensordocsaitaiapgeharge

node. 19. The system of claim 17, wherein said row select transistor is

coupledeitiieai! s10Hesge 4o @ AHPY §RAIRSSH said output transistor.

20. The systemQECiaimil: heigin srid capaciive;cavplinbseanpRIiseR:a
capacitor connected between said storage nod de and a source og said row |
select transis?o‘}?“iﬁlw transistor coupled to said output transistor tor selectively

MCSLLP

enabling said output transistor;

a voltage source directly connected to a drain of said row select transistor
and a drain of said reset transistor for providing an operating voltage to said
pixel circuit; and

a capacitive coupling coupled between said row select transistor and said
storage node for boosting a reset voltage applied to said storage node by said

reset transistor when said row select transistor is activated.

18. The system of claim 17 further comprising a transfer transistor connected

to said photosensor for transferring charge from said photosensor to said storage node.

19. The system of claim 17, wherein said row select transistor is coupled

between a voltage source and a drain of said output transistor.

20. The system of claim 19, wherein said capacitive coupling comprises a

capacitor connected between said storage node and a source of said row select transistor.
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